Introduction
Oxidation is crucial to produce energy to fuel biological processes for many living organisms [1, 2] . Cellular damage is caused during normal metabolic processes of aerobic cells by free radicals such as reactive oxygen species (ROS) or reactive nitrogen species (RNS). The most important class of radical species generated in living organisms are free radicals derived from molecular oxygen [3] fungi, plants, citrus fruits and leafy vegetables such as ascorbic acid, vitamin E, carotenoids, flavonols and phenolic acids, have the capacity for free radicals scavenging in living organisms [8] .
Fungi are a well-known producer of many bioactive products, such as antibiotics, immunosuppressants, anticancers and antioxidants. Fungi produce diverse bioactive antioxidant secondary metabolites including phenolic compounds, polyketides and terpenes [9, 10] . Pharmacological studies of fungi have shown that the Ascomycete and Basidiomycete divisions are enormous sources of biologically active compounds, however less than ten percent of all species have been described and fewer have been tested for therapeutic importance [11, 12] . Being a natural source of antioxidants, joined with enormous biological activities, fungi are considered excellent health promoters.
The traditional method of optimization of parameters encompasses the optimization of one parameter at a time. This is not only time consuming, but also leads to an incomplete understanding of interaction between the factors [13] . In the optimization of media compounds, Plackett-Burman [14] designs are used to select the constituents that influence a system. However, they do not give an interactive effect for each constituent [15, 16] and further optimization is needed. Response surface methodology [17] is commonly used to understand and assess the interactions between different physiological and nutritional parameters [18] .
In the present study, different fungal isolates were screened for their antioxidant activities through DPPH free radical scavenging ability. Results are presented as scavenging activity (% inhibition) of DPPH free radical. The fungal isolate with the highest activity was then subjected to statistical studies to optimize its antioxidant activity together with its total phenolic content (TPC). After optimization, the ethyl acetate extract was subjected to chromatographic and spectroscopic analysis for the isolation and purification of the major antioxidant compound.
Materials and Methods

Microorganisms
Fungal isolates used for screening were donated by the Center of Cultures of Chemistry of Natural and Microbial Products Department, National Research Center, Cairo, Egypt. The fungal strains were routinely grown on potatodextrose agar (PDA) medium at 27± 2 o C for 7 days until well sporulated and preserved at -80ºC in 50% (v/v) glycerol and subcultured every 3 months for maintenance.
Preparation of inoculum and fermentation conditions
Five ml distilled water were added to a 7 days old slant and a spore suspension was prepared to inoculate 50 mL modified glucose peptone yeast broth [2] , composed of (g/L of distilled water): glucose, 20; peptone, 5; yeast extract, 5; NaCl, 5; K 2 HPO 4 , 5, in 250 mL Erlenmeyer flask. Final pH was adjusted to 7 at 25 o C before autoclaving. Inoculum flask was then incubated in a rotatory shaker (Sanyo Gallenkamp PLC Refrigerated orbital incubator shaker model 220/240) at 150 rpm and temperature 27± 2 o C for 2 days. Five ml inoculum were then transferred to either 250 mL Erlenmeyer flasks containing 50 mL fermentation broth, or spread on the surface of the petri dishes (100 mm x 15mm) containing solid media.
Extraction
At the end of the incubation period, the whole culture broth or the solid media, were mixed with or soaked in equal volume of ethyl acetate overnight then filtered using Whatman filter paper No.1. The extract was evaporated in vacuo under reduced pressure using rotary evaporator at a temperature not exceeding 50 o C. The obtained residue was then assayed for its bio-activity.
Screening experiment and production media
Fifty mL of the production media, glucose peptone yeast broth, were inoculated with 5 mL inoculum of each of the 18 tested fungi then incubated in a rotary shaker at 150 rpm at 27± 2°C for 7 days before extraction. Fungal isolate(s) that showed best antioxidant activity was used to inoculate malt peptone broth [2] (malt extract, 20 g; peptone, 5 g; distilled water to 1L; pH, 7) as production media, and incubated under static conditions at 27± 2°C for 14 days.
Scavenging activity against 2,2-diphenyl-1-picrylhydrazyl (DPPH) radical
The scavenging activity for DPPH free radical was measured according to Zhao et al. [19] with some modifications. Samples (100µLfungal extract) from stock solution of concentration 1 mg/ml in ethyl acetate were mixed with 900µl of 0.1mM DPPH solution in methanol. The mixture
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was shaken vigorously and allowed to reach a steady state for 30min in dark at temperature 37 o C. Decolourization of DPPH was determined by measuring the absorbance at 517nm, and the DPPH radical scavenging was calculated according to the following equation:
Where A 1 was the absorbance of the DPPH solution without adding extract and A 2 was the absorbance of DPPH with the test sample. Ascorbic acid was used as the standard, all the tests were performed in triplicate and the results are the averages of products percentage.
To estimate the IC 50 , different concentrations (100, 250, 500 and 1000 µg/mL) of the total extract were tested for their scavenging activity and a linear equation was established.
Determination of total phenolic content (TPC)
The total phenolic content was determined colorimetrically according to the Folin-Ciocalteu procedure as described by Singleton et al. [20] . Total extract (100 µL) was transferred into a test tube and the volume was adjusted to 3.5mL with distilled water and was oxidized through the addition of 250µL of Folin-Ciocalteau reagent. After 5 min, the mixture was neutralized with 1.25mL of 20% aqueous sodium carbonate (Na 2 CO 3 ) solution. After 40min, the absorbance was measured at 725nm against the solvent blank. The total phenolic content was determined by means of a calibration curve prepared with gallic acid, and expressed as mg of gallic acid equivalent (mg GAE) per gm of sample.
Statistics
All experiments were performed in triplicates, the data shown in the corresponding tables and figures were the mean values of the experiments and the relative standard deviations were shown (mean ± SE).
Experimental design and optimization
Experimental design as two steps sequential optimization is used to screen many variables together in one experiment and to optimize them for the desired response in a much faster way than examining one variable at a time.
Plackett-Burman design
Plackett-Burman design was used to screen the most significant parameters affecting antioxidant potential, represented by percent of scavenging activity of DPPH free radical, as well as the total phenolic content of the crude extract of the active isolate. Seven independent variables were screened in nine combinations, organized according to the Plackett-Burman design matrix. For each variable, a high level (+) and low level (-) was tested. All trials were performed in triplets and the averages of products percentage were treated as the responses. The main effect of each variable was determined by the following equation:
Where E xi is the variable main effect, Mi+ and Mi-are either the product scavenging activity or the total phenolic content of the extract in trials where the independent variable (xi) was present in high and in low settings, respectively, and N is the number of trials divided by 2.
Box-Behnken design
In the second phase of medium formulation for maximum antioxidant potential, the BoxBehnken experimental design was applied where the most significant independent variables, named (X 1 ), (X 2 ) and (X 3 ) were included and each factor was examined at three different levels, low The values of the coefficients were calculated and the optimum concentrations were predicted using JMP software. The quality of the fit of the polynomial model equation was expressed by R 2 (regression coefficient). If the proposed model is adequate, as revealed by the diagnostic tests provided by an analysis of variance (ANOVA) and residual plots, contour plots can be usefully employed to study the response surface and locate the optimum operational conditions [21, 22] . The 3D graphs were generated to understand the effect of selected variables individually and in combination to determine their optimum level for maximal scavenging activity. The F-test was performed to determine factors having a significant effect (P < 0.1).
Chemical investigations and Purification of fungal major secondary metabolite(s) High performance liquid chromatography (HPLC)
Semi preparative separations were carried out at Nawah scientific laboratory, Egypt (www. nawah-scientific.com), with a PuriFlash 4100 system (Interchim; Montluçon, France) consisting of a mixing HPLC quaternary pump, a PDA-UVVis detector 190-840 nm, a fraction collector, and a sample loading module. For system controlling and process monitoring, Interchim Software 5.0 was used. Crude extract (2 g) was dissolved in 50 ml of ethyl acetate then introduced into the column (80 gm -flash/prep -NP/RP column) via dry load using 12 gm silica/celite.
Preparative HPLC was done for isolation of pure compounds from fractions obtained from the PuriFlash Column, using LC10AD VP SHIMADZU HPLC (Kyoto, Japan) with Waters pump and UV detector at λ = 254 or 210 nm. The used column was reversed phase (Cosmosil 20 x 250 nm) column, with typical flow rate 4.3 mL/min. About 40 mg of the sub-fraction was dissolved in appropriate amount of column mobile phase, and then was injected to HPLC manually using a micro syringe. The solvent systems were 70% methanol, in isocratic manner. The fractions were collected separately in small vials using UV detector adjusted to 254 and 210 nm.
Structure Elucidation
Structural elucidation of the isolated pure compound(s) were carried out by combination of spectroscopic techniques, mainly using 1D-NMR ( 1 H and 13 C NMR) and MS spectroscopy methods. The comparison of NMR data of pure compound(s) with other known published compounds was performed using the Reaxys databases and Scifinder database (Chemical Abstracts), which are available at websites (https://www.reaxys. com), and (http://www.cas.org/products/scifindr/ index.html) respectively.
The NMR measurements (
1 H, 13 C) of the major compound was done using a Varian 500 MHz. Spectra of NMR instrument were calibrated using solvent reference signals ( 13 C: CD 3 OD 49.0 ppm) or a signal of the portion of the partially or not deuterated solvent (CH 3 OD in CD 3 OD δ 3.30 ppm). Structural assignments were based on spectra resulting from one or more of the following NMR experiments:
1 H, 13 C. The observed chemical shift (δ) values were given in ppm and coupling constants (J) in Hz.
The apparatus used for mass spectroscopy (MS) was Electrospray ionization mass spectrometry (ESI): Bruker Esquire 3000 pulse.
Results and Discussion
Screening experiment
The importance of fungi had been established for long time ago as potential sources of pharmaceutical leads, as many of fungi were reported to produce unique bioactive metabolites as anticancer, antiviral and antimicrobial agents. DPPH assay is one of the most popular and frequently employed method among antioxidant assays. The method is efficient, simple, quick and relatively inexpensive [23] .
In this study, screening the DPPH free radical scavenging activities of the ethyl acetate extracts of 18 local endophytic fungal isolates was conducted. The activities of the extracts were compared to that of ascorbic acid. Among the screened fungi, the highest radical scavenging activity was observed for the extract of the fermentation media of Aspergillus terreus-18, 80.4%, and Aspergillus ochraceus, 75.3%, at concentration 1mg/mL (Fig. 1) .This result link with some previous findings of endophytic fungi and their antioxidant activity. Terrestrial or marine endophytes showed promising antioxidant potential in different assays such as Aspergillus sp Y16 isolated from mangrove [24] . Yadav et al. [25] investigated crude extracts of endophytic fungi isolated from Eugenia jambolana for their antioxidant potential. Chaetomium sp. and Aspergillus sp. showed a high antioxidant capacity value of 80%, Aspergillus peyronelii and Aspergillus niger strain were having 71% and 72% of reducing potential respectively. 114 out of 347 endophytic fungi isolated from Rhodiola spp. showed DPPH radical-scavenging rates >50%, and those of five isolates were >90% [26] . Also Chaetomium sp. isolated from medicinal plant Gynostemma pentaphylla showed promising antioxidant potential in different assays [27] .
Selection of the suitable production media is an essential part in biopharmaceutical industries targeting the highest possible product of interest. Regarding fungal physiology, it is important for growth, building of bioactive metabolites [28] . Malt extract agar or broth medium is frequently used for cultivation of filamentous fungi especially Aspergillus species as it provides the fermentation environment rich in nutrients supporting their natural growth and sporulation. Static condition or low rpm have been employed by several researchers for producing secondary metabolites showing antioxidant activities [29, 30, 31, 32, 33] . This may be due to the production of low amount of phenolic compounds thought to be responsible for fungal antioxidant activity under shaking conditions [30] .
Thus, malt peptone broth was used as antioxidant secondary metabolites production media from Aspergillus terreus-18 under static condition for 14 days. Upon using these conditions, DPPH scavenging activity reached 85%.
Quantitative estimation of the total phenolic content in the crude extract of the active fungal Isolate:
The total phenolic content of Aspergillus terreus-18 extract has been expressed as gallic acid (GA) equivalents (mg GA per gm of active extract), by using standard curve of GA with R 2 = 0.998. By substitution in the equation
Y=0.024X+0.018
The total phenolic content of Aspergillus terreus-18 extract was equivalent to 122.475 mg gallic acid/gm of tested extract. Chandra and Arora [34] reported that TPC of three fungal isolates, Aspergillus terreus 1, Aspergillus terreus 2 and Aspergillus fumigatus, obtained from fermentation of Czapek Dox's medium was 16.75, 13.05 and 5.68 mg/ml.
Determination of fermentation factors affecting the scavenging activity of fungal extract using Plackett-Burman design
Optimization of fermentation medium and conditions is very important for minimizing the production cost and maximizing the yield of many secondary metabolites. Most of the recent optimization efforts have relied on statistical experimental design and response surface analysis. Statistical design is an efficient approach that can be applied to explain the main as well as interactive effects of fermentation parameters on the process performance. It is an effective way to get useful information with limited experimentation, thus minimize the process development time and cost [35] . Previous studies have shown linear correlation between antioxidant activity and total phenolic content, thus the scavenging activity was assayed and compared to the total phenolic content throughout the optimization experiment.
The screening of most significant parameters affecting antioxidant potential was studied by the Plackett-Burman design. Seven components were selected for the study where each variable was represented at two levels, high concentration (+) and low concentration (−) in 8 trials. The maximum scavenging activity along with high TPC was observed in run ordered 8 (Table 1) where the scavenging activity increased from 85% to be 97% and the TPC was increased from 122.475 to 239.6 mg gallic acid equivalent per gram total extract.
Analysis of the effect of the physicochemical parameters of the media showed that the scavenging activity as well as TPC are highly affected by incubation time, inoculum size and (25) - (4) - (5) - (12) - (36) (6) - (5) + (16) - (36) - (5) - (10) 70.10 55.330
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- (15) - (4) + (7) + (16) - (36) - (5) + (30) 92.90 155.055 6 + (25) - (4) + (7) - (12) + (60) - (5) - (10) 60.20 38.657 7 -(15) +(6) + (7) - (12) - (36) + (15) - ( aeration (represented by media/flask volume ratio). On the other hand, concentration of malt and peptone, pH adjustment and inoculum age had relatively negative or lower effect ( Fig. 2a  and b) . Based on the results obtained from the Plackett-Burman experiment a pre-optimized medium of the following composition: malt 25 g/L and peptone 6 g/L with initial pH 7, inoculated with inoculum size 15% of 60 h old culture was incubated statically for 16 days in 30% media/flask volume (aeration 70%), was used in response surface methodology (RSM) for further conditions optimization.
Optimization of the culture conditions using Box -Behnken design
Box -Behnken design of RSM was used to estimate the influence of the individual factors and their interaction effects on bioactive extract response surface plots of aeration and inoculum size, aeration and time and inoculum size and time on fungal extract TPC respectively. Table 2 represents the design matrix of the coded variables together with the response of the scavenging activity and TPC of the extract.
Under these conditions, the scavenging activity of Aspergillus terreus-18 against DPPH was 99.5%. Fungal extract total phenolic content correlated well with the antioxidant activity which is in consonance with earlier studies [30, 36] . Total phenolic content increased upon optimization to reach 290.51 gallic acid equivalent per gm total extract.
Acceptability and fitness of the model were evaluated by ANOVA analysis (Tables 3 and 4) . Where Y is the predicted response, scavenging activity or TPC, and X 1 , X 2 and X 3 are the coded independent variables for aeration, inoculum size and incubation time respectively. The F ratio and the P value were used to check the significance of each coefficient, which also indicated the interaction strength between independent variables. The larger the magnitude of the F ratio and smaller the P value, the more significant is the corresponding coefficient.
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Regarding the scavenging activity, ANOVA analysis showed a significant F ratio (95.1930) for the effect of aeration, which suggested the significance of the model. The probability value of the model is less than 0.05 (P =0.0002) which is considered highly significant. The determination of the coefficient (R 2 ) was calculated as (0.9672) for scavenging activity (a value of R 2 >0.75 indicated the aptness of the model) which indicates the statistical model can explain 96.72% of variability of the response.
As for TPC of the extract, ANOVA analysis showed a significant F ratio (477.4712) also for the effect of aeration, which suggested the significance of the model. The probability value of the model is less than 0.05 (P <0.0001) which is considered highly significant. The determination of the coefficient (R 2 ) was calculated as (0.991821) for TPC which shows the statistical model can explain 99.2% of variability of the response.
This shows that the medium most suitable for growth may or may not be equally effective for secondary metabolites and thus enhancement of secondary metabolites can only be achieved through systematic manipulation of different parameters.
Verification of the optimization methods
A confirmatory experiment was performed under the predicted optimal conditions for optimum scavenging activity and higher TPC the basal medium was used as control. Under optimized conditions scavenging activity reached 99.5 % inhibition. The result indicated that the optimization condition increased activity by 1.17 fold times (99.5%) of the basal medium (85%). The two steps of optimization resulted in a formula of the following condition and composition (g/l): malt extract, 25; peptone, 6; with initial pH 7, inoculated with 15% v/v inoculum of age 60 h old and incubation time 18 days in media with 50% aeration under static condition.
Purification and structure elucidation of the major antioxidant compound
The interest of finding safe and effective natural compounds possessing cytoprotective activity has increased in order to develop lead compounds for chemopreventive agents. In an attempt to isolate and characterize the active compound(s) produced by the fungal isolate Aspergillus terreus-18, its ethyl acetate extract obtained from fermentation of malt peptone broth was dried to yield 2g of oily dark brown crude extract. It was then fractionated into nine fractions using PuriFlash Column. Based on the abundance of fraction, fraction 1, 4 and 8 were selected for further investigation and purification of its pure compounds. The three major fractions were spotted on TLC, developed using hexane/ ethyl acetate (1:1) observed in a UV chamber at 254 nm and 365 nm for the fraction with the best separated spots. Upon staining developed TLC plates with DPPH solution, fraction (4) showed scavenging activity represented by pale yellow spots against purple background. Hence, Fraction (4) was selected and separated into its components using HPLC using solvent system methanol (70%) on reversed phase (Cosmosil 20 x 250 nm) column, with flow rate 4.3 mL/min at UV 254 and 210 nm to yield pure compound 1 (6 mg) at R t 33 min.
Compound 1 was obtained as colorless crystals. On TLC, it showed dark spot under short UV light and changed to dark brown by spraying with anisaldehyde reagent and heating. The low resolution ESI mass spectrum, positive mode (Fig. 6) (Table 5 ) of compound 1 with compounds isolated from the same fungus, Aspergillus terreus, showed that compound 1 is Butyrolactone I (Fig.7) [37] .
BL-1 is a butenolide commonly produced by Aspergillus terreus. It was first isolated in 1977 from Aspergillus terreus var. africanus [38] . BL-1 has been described in Aspergillus terreus endophyte living in Camellia sinensis var. assamica [39] and in Laurencia ceylanica [40] , and also in Microsphaeropsis olivacea isolated from Pilgerodendron uviferum [41] .
Scavenging activity of Butyrolactone I BL-1 has been reported to have various biological activities. It displays antidiabetic, antioxidant [42, 43] , anti-inflammatory [39] , antimicrobial [44] and antitumor [45, 37] potentials, and it inhibits the enzyme CDK (cyclin dependent kinase), preventing apoptosis [46] . Therefore the scavenging activity (% inhibition) of the purified BL-1 using the DPPH radical was assessed and compared to that of ascorbic acid (Table 6 , Fig. 8 ). They showed scavenging ability in a concentration-dependent manner. The IC 50 was obtained by interpolation with linear regression analysis. Lower IC 50 indicates higher antioxidant activity. BL-1 showed high scavenging activity with IC 50 439.09µg/mL (1.035µM) this result indicates that BL-1 could be a very promising antioxidant compound.
Conclusion
Aspergillus terreus -18 total extract after optimization contained high amount of phenolic compounds (TPC 290.51 mg GA equivalent/gm extract) which positively correlates with its DPPH scavenging activity. Scavenging activity increased 1.17 fold times (99.5%) of the basal medium (85%) after optimization. Phenolics have more ability to quench free radicals such as DPPH, their effectiveness depends on the number of aromatic rings, the molecular weight and substitution of hydroxyl groups than the specific functional groups [47, 48] . In an attempt to isolate and purify the major compound responsible for the antioxidant activity of the fungal extract using spectroscopic techniques, BL-1 was isolated, which was tested for its scavenging potential. BL-1 showed relatively high DPPH radical scavenging activity.
Compounds showing antioxidant activity may also possess other bioactivities of pharmaceutical interest, thus BL-1 isolated from the local isolate Aspergillus terreus -18 could be further investigated for other health promoting bioactivities. 
